INTRODUCTION {#sec1-1}
============

The final outcome of patients in shock state is strongly dependent on the duration and severity of hypotension. In fact, there really exists an important time window for a clinician dealing with a patient in shock state, within which he can perform more specific treatments rather than just crystalloid infusion and monitoring of hemodynamic indices, and subsequently, anticipate better final outcome for the patient. Therefore, earlier identification of shock etiology has always been a great concern in emergency medicine. However, clinical evaluation to reveal the etiology of shock in the setting of a critical patient is usually problematic and time-consuming. Physical findings of different types of shock can easily overlap each other. For instance, dyspnea and elevated jugular venous pressure would be expected in diverse clinical settings such as pulmonary thromboembolism (PTE), cardiac tamponade, and depression of myocardium either due to myocardial infarction (MI) or sepsis.

Since ultrasound is becoming widely available in emergency departments (ED), many ultrasonographic protocols have been introduced to evaluate pulmonary or cardiac problems in emergent settings even replacing standard imaging modalities like supine chest X-ray or echocardiography.\[[@ref1][@ref2][@ref3][@ref4][@ref5][@ref6][@ref7]\]

Specific goal-directed ultrasound examinations in early evaluation of critical patients evaluating the heart, abdomen, and venous system have been reported to be helpful in rapid diagnosis of non-traumatic etiology of hypotension.\[[@ref8][@ref9][@ref10]\] Rapid Ultrasound in Shock (RUSH) is a recent emergency ultrasound protocol that integrates pulmonary evaluation with cardiac, abdominal, and venous examination.\[[@ref11][@ref12][@ref13]\] Perara *et al*., proposed this protocol to help the clinician better and faster.\[[@ref11][@ref12]\]

However, the practical efficacy of performing RUSH examination in an emergency setting has not been completely evaluated yet.

Hence, in this study, we tried to evaluate the accuracy of early RUSH protocol performed by emergency physicians to predict the shock type in critically ill patients.

MATERIALS AND METHODS {#sec1-2}
=====================

This was a prospective study of diagnostic accuracy for RUSH protocol based on the STARD guideline. The study was performed in accordance with Declaration of Helsinki and approved by The Ethics Committee of Trauma Research Center, Baqiyatallah Hospital, Baqiyatallah University of Medical Science, Tehran, Iran.

Participants {#sec2-1}
------------

All patients in shock state in the working shift of our emergency physician in ED were enrolled in this study from April 2013 to October 2013. Shock was defined as systolic blood pressure under 100 mmHg or a shock index (heart rate divided by systolic blood pressure in mmHg) greater than one. A clear cause of shock at patients' arrival mandating prompt life-saving treatment, such as external bleeding or active gastrointestinal bleeding, was our exclusion criteria.

Initial clinical evaluation and immediate resuscitative interventions (intravenous (IV)-line, hydration, etc.) in ED according to standard medical protocols were accomplished for all these patients. Meanwhile, equipment for bed-side sonographic examination in ED was prepared without any delay or interruption in patients' initial care. Then, sonographic examination based on RUSH protocol was performed concurrent with patient\'s resuscitative care. Again, a point to remember is that all necessary therapeutic or diagnostic investigations, including supine chest X-ray, computerized tomography (CT)-scan, echocardiography, or any other laboratory tests) were carried out without delay during their hospitalization.

Performing RUSH protocol and shock classification {#sec2-2}
-------------------------------------------------

A one-page checklist was designed to obtain information regarding three main components of RUSH examination. It involves evaluation of heart (to assess tamponade, ejection fraction, and strain of right ventricle), inferior vena cava (to estimate central venous pressure), thoracic and abdominal compartments (to assess pneumothorax, pulmonary edema, pleural effusion, and peritoneal free fluid), and large arteries or veins (to assess aortic dissection or aneurysm and deep vein thrombosis).

They are simplified as the pump, tank, and the pipes of a patient (see checklist, supplemental Digital Content 1).

We examined the patients in a supine to 30° upright position with two-dimensional grayscale bedside sonography. A Medison V10 ultrasound system (Medison, South Korea) with 2.5-5 MHz curvilinear and 5-12 linear probes was used. One investigator (a board-certified emergency physician) performed RUSH assessment for all patients using the views described by Perara *et al*.\[[@ref11][@ref12]\] He had a five-year experience in emergency ultrasonography and had performed more than 200 examinations per year. He had qualified a 20-hour workshop for emergency ultrasound including RUSH protocol and was familiar with the main components of RUSH examination. The clinician suggested the shock type of the patient based on RUSH protocol findings. The time interval between the patient\'s arrival and the time when the emergency physician reached the conclusion using RUSH protocol was considered as duration of examination for each patient.

As described in specialty textbooks, four classic subtypes were defined for shock: Hypovolemic, cardiogenic, distributive (including septic or neurogenic shock), and obstructive (due to pneumothorax, tamponade, or PTE).\[[@ref14][@ref15]\] We also considered a mixed type for patients that demonstrate combined features of different shock types, for instance, a patient demonstrating features of both sepsis and cardiogenic failure. Those whose etiology could not be identified were classified as "not defined".

Documenting final diagnosis {#sec2-3}
---------------------------

We followed all patients to document their final diagnosis, which would be reached based on all investigations performed during their course of hospitalization. The final diagnosis was usually established by a second physician in charge (other than emergency physician) whom the patient was transferred to his service (internal medicine, cardiology, or surgery). They were all board-certified specialists with acceptable expertise in their fields of interest. We should declare that these physicians were not blind relative to the information obtained from ultrasonographic examination.

Statistical methods {#sec2-4}
-------------------

We carried out statistical analysis using SPSS 18 software. We first investigated the general agreement between shock type determine by RUSH protocol and the type finally outlined for each patient. Furthermore, we calculated sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and Kappa index of RUSH protocol in diagnosis of each individual type of shock. A 0.95 confidence interval was considered as the level of significance in our analysis. To calculate these reliability indices, we excluded patients with final diagnosis of "not defined etiology".

RESULTS {#sec1-3}
=======

We enrolled 52 patients consisting of 28 men and 24 women with mean age of 51.6 years (age range, 36-69 years) in a time interval from April 2013 up to October 2013. Mean time duration of the examination (from patient\'s arrival till sonographic conclusion) was about 20 minutes (range, 10-25 minutes).

[Table 1](#T1){ref-type="table"} shows the prevalence of different types of shock based on the final impression reached during hospitalization. The most frequent types of shock were cardiogenic shock (12 patients, 23.1%) and shock due to multiple etiologies (10 patients, 19.2%). Eight patients had hypovolemic, eight distributive, and seven obstructive type of shock. Seven cases (13.5%) died before we could clinically confirm the precise cause of the shock state and were classified as "not defined etiology". In the early RUSH examination, undertaken for them, six of them were identified as mixed type and one as cardiogenic type. Kappa index for general agreement between shock type using RUSH protocol and final diagnosis was 0.70 (*P* value = 0.000), reflecting acceptable general agreement for this criteria. [Table 2](#T2){ref-type="table"} shows sensitivity, specificity, PPV, NPV, and Kappa index of the protocol for individual types of shock.
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Hypovolemic shock excellent sensitivity, good specificity {#sec2-5}
---------------------------------------------------------

In hypovolemic patients, RUSH protocol showed 86% agreement with final diagnosis (*P* value \< 0.001). We had eight cases finally diagnosed with hypovolemic shock. All were initially found by using RUSH protocol. Three were due to gastroenteritis, two had trauma, two due to diuretic overuse, and one had an aneurysm. For hypovolemic shock, the protocol had a high sensitivity and NPV (both 100%) but a lower specificity (94.6%) which resulted in substantial low PPV (80%). This means that using this protocol, one out of five patients diagnosed with hypovolemic shock may have had other causes. We misdiagnosed two patients as having hypovolemic shock; one was determined to have multiple etiologies and one had distributive shock (secondary to urinary tract infection and sepsis).

Cardiogenic shock: Good sensitivity and specificity {#sec2-6}
---------------------------------------------------

RUSH showed 89% agreement (*P* value \< 0.001) with final diagnosis. We correctly diagnosed 11 of our 12 patients with cardiogenic shock representing 91.7% sensitivity (one had myocardial infarction (MI), one with digital toxicity, two had paroxysmal supraventricular tachycardia (PSVT), and seven with decompensated heart failure). The cardiac etiology of the other one with heart failure could not be clearly outlined using RUSH. Ejection fraction was assumed good for him and thus, his shock was labeled as "not defined". We had also two patients who were diagnosed with cardiogenic shock; one of them was proven to have multiple etiologies and the other one died before definite diagnosis could be made. The specificity, PPV, and NPV of RUSH protocol for diagnosis of this shock type were 97.0%, 91.7%, and 97.0%, respectively.

Obstructive shock: Excellent sensitivity, and good specificity {#sec2-7}
--------------------------------------------------------------

The criteria had largest agreement with final diagnosis (92%, *P* value \< 0.001) in this group of patients. Among our seven patients with obstructive shock, the examiner successfully diagnosed two patients with massive PTE, three with cardiac tamponade, and two of three patients with pneumothorax as the cause using RUSH protocol.

Pneumothorax in one patient could not be diagnosed with RUSH protocol; however, the patient was correctly defined to have an obstructive type of shock. Sensitivity and NPV were both 100%; specificity and PPV were 97.4% and 87.5%, respectively. We had one patient initially considered as obstructive shock was proved to have multiple etiologies for their shock state.

Distributive shock: Excellent specificity but low sensitivity {#sec2-8}
-------------------------------------------------------------

The protocol had an acceptable agreement with final diagnosis in these patients as well (83%, *P* value \< 0.001). We had eight patients finally diagnosed with distributive shock; seven had sepsis (five with pneumonia, one tuberculosis, and one urinary tract infection, UTI) and one had neurogenic cause. During initial RUSH examination, the examiner outlined six of them as distributive shock. One was erroneously labeled as hypovolemic and one as "not defined" type. It was shown that the specificity of the protocol to diagnose distributive shock and its PPV were 100% but the sensitivity was considerably lower (75%) compared to other types.

Mixed etiology shock: Excellent specificity but low sensitivity {#sec2-9}
---------------------------------------------------------------

This protocol had lowest agreement (74%, *P* value \< 0.001) with final diagnosis when patients had mixed etiologies as the cause for their shock state. We had 10 patients finally diagnosed as having multiple causes for their shock. Seven were correctly diagnosed using RUSH criteria (sensitivity of 70%), while three were initially misdiagnosed as hypovolemic, cardiogenic, and obstructive types of shock. The protocol had specificity and PPV of 100% and NPV of 92.1% in this group.

DISCUSSION {#sec1-4}
==========

Our study clearly delineates that in the setting of patients in shock state and under the care of an emergency physician with expertise in emergency ultrasonography, initial impression provided by performing RUSH protocol early after admission was notably congruent with the final clinical diagnosis reached at the course of hospitalization (Kappa index = 0.70). Subsequently, we would be able to initiate appropriate goal directed therapies earlier (about 20 minutes after patients' arrival) with much more confidence by performing this multi-organ-focused ultrasonographic examination. Volpicelli *et al*., have reported the same index of agreement (Kappa index = 0.71) between shock type diagnosed based on a similar protocol and final clinical diagnosis of patients.\[[@ref16]\]

Obstructive, cardiogenic, and hypovolemic shocks {#sec2-10}
------------------------------------------------

The most interesting finding was the valuable role of RUSH protocol to outline Obstructive causes of shock (sensitivity = 100%; specificity = 97%). We noted considerably high agreement (92%) with final diagnosis for this shock type. It seems that the examiners are good at finding signs of right ventricular strain in focused ultrasonography, after which they can direct their examination toward finding the possible underlying cause (pneumothorax, tamponade, or massive PTE).\[[@ref2][@ref6][@ref10]\] There was only one case with obstructive shock due to pneumothorax (albeit later found in CT scan but not in supine chest X-ray); the pneumothorax itself was not diagnosed in the initial RUSH examination; however, the examiner could correctly outline that the shock state of the patient had obstructive features in the sonographic study.

The second highest agreement of this protocol was for diagnosis of patients with cardiogenic shock (89%), which was the most frequent cause of shock (23.1%) in our study. These criteria had quite good indices for diagnosis of shocks with cardiac etiology, especially to rule out cardiogenic state (NPV = 97%).

We found acceptable efficacy for RUSH protocol to define hypovolemic shock type (86% agreement, 100% sensitivity, and 94.6% specificity). The point here is that there are more straightforward life-saving therapeutic interventions for these three types of shock (obstructive, cardiogenic, and hypovolemic) compared to the other complicated types of shock (septic distributive and mixed). Fortunately, early RUSH examination enables us to rule out these critical states in the shortest possible time (all with NPV above 97%). As a result, the earlier goal-directed measures could be administered to improve their outcome.

Distributive shock {#sec2-11}
------------------

We found low sensitivity (75%) for RUSH protocol to detect distributive cause of shock state compared to other types. We believe that the main issue here is related to septic shock. From the pathophysiological point of view, a transition occurs in the body from systemic inflammatory response syndrome (SIRS) to severe sepsis and septic shock, and accordingly indices of circulation change accordingly in a dynamic manner.\[[@ref17][@ref18]\] Thus, a patient with septic shock may demonstrate a myriad of complex findings in a RUSH examination and does not demonstrate the straight forward findings of a distributive shock. As a result, the clinician cannot correctly regard the definite ongoing process. Thus, we miscategorized two patients with distributive shock, one in hypovolemic and one in "not defined" group. It is believed that the main benefit in the management of patients with septic shock arises from early identification of those at high risk for cardiovascular collapse.\[[@ref19][@ref20][@ref21]\] Thus, we believe that in a patient clinically suspected to have septic shock, it would be more helpful to change our strategy and perform multiple sessions of RUSH examination instead of a single early examination. In this way, we would be able to monitor the response of cardiovascular system to resuscitative treatments.

In addition, when there is more than one underlying mechanism for shock (mixed type), the protocol showed the least sensitivity (only 70%) and had the lowest agreement (74%). Therefore, in patients clinically suspected to have distributive component or mixed etiology, we should interpret findings of early RUSH examination with more caution.

There exist certain considerations that need to be emphasized. The first issue is that in practice, we should not expect early RUSH protocol just to provide the patient\'s exact final diagnosis. Instead, the main role of this protocol should be to elucidate the most probable diagnosis among all potential etiologies and rule out certain life-threatening diagnosis in the initial precious time interval. In addition, we should bear in mind that findings on this goal directed ultrasonography often require further interpretation to define whether they are significant. In this way, the involved clinician could be the best candidate to use this protocol. For instance, in a hypotensive patient with cardiac dysfunction in ultrasonography, it is the role of clinician to decide whether low blood pressure is the result of a primary major cardiac process (MI or heart failure) or another ongoing process (such as sepsis or hypovolemia as a result of gastroenteritis).\[[@ref9]\] We found similar scenarios in two of our patients who had underlying heart failure. Using RUSH examination, the exact cause of their shock was defined as hypovolemia (due to gastroenteritis) in one, and sepsis (due to pneumonia) in the other. In fact, this protocol enabled our clinician to plan his therapeutic strategies more efficiently.

Study limitations {#sec2-12}
-----------------

There is an important consideration for using any type of ultrasonic protocol, which is the amount of required expertise to reach the desired evaluation (here, to outline the shock type of a critical patient). This study is an early report of applying RUSH protocol in practice and estimating its accuracy. In this study, only one emergency physician performed this examination, which means our results are affected by his personal experience and skills. We also had limited number of patients in each distinctive group of shock etiology, which made us interpret subgroup results with more caution.

CONCLUSION {#sec1-5}
==========

We highlight the role of early RUSH examination in the care of an emergency physician to make a rapid and acceptably accurate diagnosis of the shock type in a hypotensive patient, especially to rule out obstructive (due to pneumothorax, tamponade, or PTE), cardiogenic, and hypovolemic shock types. This would guide the physician to begin a more specific life-saving resuscitative intervention earlier and more confidently. However, in our experience, RUSH protocol showed some limitations, particularly in its role in the diagnosis of distributive (specifically septic) or mixed types of shock. Further studies with multiple physicians performing this protocol and larger sample sizes are necessary to better outline these shortcomings.
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